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tyrosine kinase͢ RTK )ͣ@̦÷P]UjEɟƷə-ȖƎ÷A͢ Katz et 
al., 2007 ͣǌ)-ɭʓ°̜ȸ̀ʀ->AæƂEĆA cAMP< Ca2+*&
#µßņ.[Tkßņ-;cAMP»Ňə-ȖƎ÷A protein kinase a< Ca2+
»Ňə-ȖƎ÷A calcium-calmodulin-dependent protein kinaseE¦(̲Ʒə
-̦÷P]UjEȖƎ÷Aʓ̄ŇĨ(@̦÷P]Uj
ļǸ,ʐʰĻçȬ.hIMb*(Ì*²A͢ Waltereit and Weller., 
2003; Enslen et al., 1996 ͣ 
ȖƎ÷#ʐʰ×[Tk°̜ʓ̄/Ǜʑə-ʐʰȖö.ĺ÷Eų̃
Č[Tk°̜ʓ̄)&(;Ǜʑə,ʐʰ˚ɀĬ/ʐʰɴ<ʐʰĻçȬ.ɴ
  2 
͒->@ɋ,Aȹ-extracellular signal-related kinase͢ ERKͣ[Tk/Ɲ̮ģ
ņ?ȰɑƎYJiPJ7)Ǹ	,ʐʰĻçȬ-Ɖʂ(ȖƎ÷A#:˚
ɀĬ3.ź͉;ļǸ)A¹0Ɲ̮ģņ)A basic fibroblast growth factor
->A extracellular signal-related kinase͢ ERK [ͣTk.ȖƎ÷/ɭʓè͗ʐʰ
.ĸȃ¿̖*˅Ŧ˟˞.ʗƯ-Ì.-Ŗbrain-derived neurotrophic factor
͢BDNF <ͣ nerve growth factor->A ERK[Tk.ȖƎ÷/ɭʓè͗ʐʰ.
ɭʓß÷E¿̖A͢Sato et al., 2010; Liu et al., 2014 ͣ7#BDNF->A ERK
[Tk.ȖƎ÷/ɭʓʐʰ.[kx]ŹƝ<ɄŇE¿̖A.-Ŗtumor 
necrosis factor-α->A ERK[Tk.ĸŷ/ɭʓʐʰȁE˲ŚA͢Almeida et 
al., 2005; Kumamaru et al., 2011; Jara et al., 2007 ͣ.>,ʐʰƉʂ.ť/[T
kȖƎ÷.ŷŰǗ̲.̝<ČǗ-ȖƎ÷A[Tk*.S]iS.















*Õ- BRAF.ȗ[Tkßņ)A MEK .̵ŏé͢idlwͣ̱ɖ




























































 HfpJɐ͢ADͣ<pdiɐ͢HD ͣrRaɐ͢PD ͣ
ʁˎʞƎÈʎɧ÷ɑ͢ALS ͣʹ˓˕,+ʹɏƑ.ļ/ɐƘ*(ɭʓʐʰ
.ʸˏ˦ŕBA͢Feng and Wang., 2012; Johri and Beal 2012; Hauser and 





͢Feng and Wang., 2012; Johri and Beal 2012; Hauser and Hastings., 2013; Barber and 
Shaw., 2010; Pradeep and Diya., 2012 ͣ¹0Ľʹɚ̀EƆ-ɭʓʸˏẼ







]i]EɄA͢Numakawa et al., 2011 ̦ͣ÷]i]/ʳ̦̀÷->A˂
brS̀.Ǽʲɋũ<brȘ̀÷->Aʐʰ×brS̀.Ǽʲɋũ
DNA̦÷->A DNAǷ̔.šĹ,+Eų̃Ǜʑə-/ʐʰȁE˲Ś
A*ʨ?B(A͢Feng and Wang., 2012 ͣ!)̦÷]i]Eÿģ*
AɭʓʐʰȁEƣæA˒éɏƑȎɔ˒.Ã˝*(ȓɞB(A 
 
2-2-2. ͞˧ʋjr D2ǸĆŐ¶HXl]iPzX 
 PzX/͞˧ˍ?ƨÝB#͞˧HPJj.˲Ś¶*(̱ɖ
B#͞˧ʋjr D2ǸĆŐ¶HXl]i)A͢Kvernmo et al., 
2006 ͣD2ǸĆŐ¶vG/ D2, D3, D4ĆŐ¶?,A GiĬ GbrS̀
ÕŻĬĆŐ¶vG)@ɭʓ°̜ȸ̀)Ajr->@ȖƎ÷
B!.ſHhl̦[S`EȖƎ÷ cAMP.ɅɄEµ A
͢Jackson and Westlind-Danielsson., 1994 ͣPzX/ȹ- D2ĆŐ¶-Ŗ
ͅũ-͜˥ĘƎEǝA͢D2, D3, D4ĆŐ¶-Ŗ!B"B Ki=0.7, 1.5, 9.0 
nMͣ͢ Kvernmo et al., 2006 ͣPzX/jrçȬ.ǽɄAɏƑ
.Ȏɔ˒*(¸ɆB(@PD͜xSd˕ɑýţ̛ëçȬɑÃ
ʥSe[Tɐ99ʷɑÃʥ,+-ƉɆB(A͢Baas and Schueler., 
  6 
2001; Wang et al., 2012; Kalampokas et al., 2013; Feelders and Hofland., 2013; Scholz et 
al., 2011; Curran and Perry., 2004 ͣPzX/¨. D2ǸĆŐ¶HXl]i-
Ȉ4úȤǠ̮͢63-109Ǘ̲ͣ#:Ƥ˒͏ŰŜ,(ȣ9*äȱ
A͢Baas and Schueler., 2001; Curran and Perry., 2004 ͣ7#jrĆŐ
¶HXl]i.ê·Ɇ*(͏ʠ-AȜ÷ġ̾ŏ<ŭˤŁƕ\]Rn\
H͢ɋũ,̼Ɩ̚ö ͣ\]ilH͢ʁʙŶɋũͣ.ɖɄŜ, ͢Baas and 
Schueler., 2001 ͣ#$͞˧ʋHPJjȹǝ.ê·Ɇ*(7B-Ɔ˃
Ų˂ɑ<ʝʗɑEų̃*A#:̮Ǡ̲Ľ̩-Ǟ˒A–/ŋ







A*ıēB(A͢Yoshioka et al., 2002 ͣO]. ICRK]-ŖA
PzX.Ƥ͢1Ǐ 1Ģ 7Ǐ̲ʿʼ×Ƥͣ/6-hydroxydopamine͢j
r·öƎl-ą@̋7BȖƎ̦ʍɴEɅɄͣ.ʹō×Ƥ->A
̀͠-ʝǥ¶ʋ.ɭʓʸˏEƣæA͢Yoshioka et al., 2002 ͣ7# Kai-Yin Chau
?.Tx/paraquat͢ȖƎ̦ʍɴEɅɄͣ.Ƥ->Aɭʓˋʐʰʽ SH-
SY5Y.ʐʰȁPzX.ÕƤ->@ƣæBA*Eɪ#͢Chau 








*ıēB(A͢Kitamura et al., 1997 ͣin vitro-(;MPP+->A
SH-SY5Y.ʐʰȁwSxdx{Ra>2b{R













A͢Chiba et al., 2010 ͣBDNF/[kx]ĉĴƎ<l.ɄŇß÷,
+-̨ˠ)@˫ƛňʧ<ƓöæƂƥ'ƥŉ·Ɇ,+-̳A
͢Numakawa et al., 2013 ͣ7#]kn^.È͎öʶ̰ĵ->Aʹ˓˕h
-(D2ĆŐ¶HXl]i)A{XjwSxd]
jḚĵ. 1Ǘ̲è-ƤA*ț͖ CA1͌ĭ-Aɭʓʸˏƣæ

















v͢Mylan, Tokyo, Japanͣ7#/\MdMg͢Wako, Osaka, Japanͣ
EɄſ 1-2Ǐ.Wistar rat-đÒ #ſÓʹEʍǐą@ÝŌ¶͐Ƅ̭
)Ľʹɚ̀Eǜ#Ľʹɚ̀E])ʐ˛Ǌ#ſȋ.
Leibovitz's L-15 Medium͢Life Technologies, CA, USAͣ.-ɲ#1400 rpm)
1ß̲̞Ɔß̀E˗ȢE̹Ā#10 ml.rrJȩȞ͢9 units/ml.r
rJ200 units/ml. DNase IEĐF$ Phosphate Buffered Saline͢PBSͣȩȞͣ
Eñ37℃) 20ß̲Ʋɝ#1400 rpm) 1ß̲̞Ɔß̀E˗ȢE̹
#ſ10 ml. 5/5DFįĩ͢5 %.K[ʯÑ˕Ȣ͢FBS ͣ5 %.K˕Ȣ18 
units/ml.{l[>2 18 units/ml.]ixiJ[EĐF$
Dulbecco's Modified Eagle Medium* F-12. 1:1Ƞċįĩ͢DMEM/F-12ͣͣ Eñ
#u{egIT->@ʐʰEƜȭ#ſsterilizing filter͢BD Falcon, CA, 
USAͣ->@ʒʡȷEą@̹#!.ſ1400 rpm) 5ß̲̞Ɔß̀E˗&
(ȢE̹5/5DFįĩ)̟à,ʐʰŒŰ-ŧ̧#~MdJ->
@WgITE˗&# 3.5 cm hIe[͢BD Falcon ͣ24 well xi
͢BD Falcon ͣ48 well xi͢BD Falcon ͣ7#/Q]}ihIe[
͢MATSUNAMI GLASS IND.,LTD, Osaka, Japanͣ-ŒŰ 5×105 cells/cm2-,
A>-ʐʰEƽɴ#į͕ʐʰ-Đ7BATHʐʰ.ź͉E̹#:
2 µM.[bt͢Sigma-Aldrich, MO, USAͣEį͕ſ 1Ǐɞ͢DIV1ͣ-κñ
#ʐʰ/ 5% CO237℃.ǥ®) 6-7Ǐ̲į͕#ſŌ͙-Ɇ# 
 
2-3-2. ˒éÜɂ 
 PzX* AP5/ Tocris bioscience͢Bristol, UKͣ>@H2O2
SP600125KCl>2 L-Tb̦/Wako>@́Ò#7#]u{/
Abcam͢Bristol, UK ͣU0126/ Promega͢WI, USA ͣSB203580/Millipore
͢MA, USA ͣlvL\u/ Sigma-Aldrich?Òơ# 
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/đÏŰ.Ȉ̉E˗*)ʐʰ.ɄŇȿEȦŋA*)A48 well
xi)į͕#ʐʰ-˒éÜɂE˗&#ſįĩEMTTįĩ͢MTTȩȞ
͢2.5 mg/ml.MTTEĐ9 PBSȩȞͣ* DMEM/F-12. 1:5Ƞċįĩͣ-ÒBǚ
5% CO237℃.ǥ®) 1.5-2.5Ǘ̲ăƉ #!.ſJaxuH
WEĐ9 SDS lysis bufferEñu{egITE˗|Zˊ
ʍEȩ˨ #ĊYxE 96 wellxi-ɲiMark Micro plate reader
͢Bio-Rad Laboratories, Inc., CA, USAͣ->@ 570 nm.đÏŰEȦŋ#Ċʥ
.đÏŰEWiʥ*.ɘßȿ)˚#;.EʐʰɄŇȿ*# 
 
2-3-4. Calcein assay 






Cell Counting Kit-F͢Dojindo, Kumamoto, JapanͣEɆ(˗&#48 wellx
i)į͕#ʐʰ-˒éÜɂE˗&#ſPBS)ͤŰȕαPBS) 50Âŧ̧
# Cell Counting Kit-F SolutionEñōȥ) 20ß̲̈́ʢ#!.ſPBS
)ǅĢȕα˔ÏŷŰ͢485/535 nmͣE 2030 ARVO X-2 Multilabel Reader








PBS)Űȕα#ſweRTȞ͢10%. FBS* 0.5%. Triton-XEĐ9
PBSȩȞͣ->@30ß̲.weRTE˗&#!.ſMAP2ƥ¶
͢Sigma-Aldrich, weRTȞ->@ 500Âŧ̧ͣ- 4℃Overnight (O.N.)
ăƉ #PBS) 3ĢȕαAlexa Fluor 488 mouse IgG1ƥ¶͢Life 
Technologies, weRTȞ->@ 200Âŧ̧ͣ-ōȥ) 1Ǘ̲ăƉ #
?- PBS) 3Ģȕα#ſAxio Observer Z1 fluorescence microscope͢ZEISS, 
Germanyͣ->@Ðɍ˔ÏE˦Ȧ#Ċʥ.MAP2-‑ƎʐʰǅE˪ȦW
iʥ*.ɘßȿ)˚#;.EɄŇȿ*# 
 H~i[]-±ǮÛʞE˦ȦA#:Hoechst 33342͢Molecular Probes, 
  10 
OR, USAͣ->AǮǪˊE˗&#˫.̛ɳ*ČǸ-ʐʰ.ĥŋ* PBS-
>AȕαE˗&#ſ5 µg/ml. Hoechst 33342͢PBS)ŧ̧ͣ-ōȥ) 15ß̲








G͢1% Sodium dodecyl sulfate͢SDS ͣ20 mM Tris-HCl͢pH 7.4 ͣ5 mM EDTA
͢pH 8.0 ͣ10 mM NaF2 mM Na3VO4>2 1 mM Phenylmethylsulfonyl fluoride
͢PMSFͣEĐ9ȊȩȞͣ)ȩ˨#ſ100℃) 5ß̲ȶÜɂalU[
E˗&#15000 rpm) 30ß̲̞Ɔß̀E˗ȢEĢĄ#Ȣ.b
rS̀ȮŰE BCA Protein Assay Kit͢Thermo Fisher Scientific, MA, USAͣ->
@˪ȦĊYx.brS̀ȮŰʀ,A>-[]qevG)ŧ
̧#Ȣ. 1/4̩.YxqevG͢50% glycerol0.325 M Tris-HCl
͢pH6.8 ͣ15% SDS12.5% 2-mercaptoethanol0.125 mg/ml Bromophenol blueͣE
ñØ2 100℃) 5ß̲ȶÜɂ#YxE SDS-PAGE-Ɇ# 
 ʀ̩.YxE 8 or 10%.HSHjV)́ȉȔö#ſSemi-Dry 
Transfer Cell͢Bio-RadͣEɆ(V.brS̀E polyvinylidene 
difluoride w-̇Ù#wE 5%.ʸʳʈ͢Tris Buffered 
Saline͢TBSͣ->@ŧ̧ͣ->@ 1Ǘ̲.weRTE˗ͤǾƥ¶͢1%
.ʸʳʈ->@ŧ̧ͣE 4℃O.N.)ăƉ #!.ſTBS->@ 3Ģ.
ȕαE˗2Ǿƥ¶͢1%.ʸʳʈ->@ŧ̧ͣEōȥ) 1Ǘ̲ăƉ 
#?-TBS->AȕαE 3Ģ˗ImmunoStar Reagents͢Wakoͣ->@
ɖˊE˗&#ɖˊ#w/ XʝvI͢GE Healthcare, WI, USAͣ
;/ EZ capture II/ST͢ATTO, Tokyo, Japanͣ->@ĉˣ÷#brS̀
̩E˚Ċqj.ŷŰ/ Lane & Spot Analyzer software͢ATTOͣ->@ŋ̩
#1Ǿƥ¶-/«.ƥ¶E¸Ɇ#Dopamine D2 receptorƥ¶͢Millipore, 
500Âŧ̧ ͣsynapsin Iƥ¶͢Millipore, 1000Âŧ̧ ͣpERKƥ¶͢Cell 
Signaling, MA, USA , 1000Âŧ̧ ͣERKƥ¶͢Cell Signaling, 1000Âŧ̧ ͣ
pJNKƥ¶͢Cell Signaling, 1000Âŧ̧ ͣJNKƥ¶͢Cell Signaling, 1000Âŧ
̧ ͣpp38ƥ¶͢Cell Signaling, 1000Âŧ̧ ͣp38ƥ¶͢Cell Signaling, 500Âŧ
̧ ͣNR2Aƥ¶͢Sigma Aldrich, total: 500Âŧ̧, cell surface: 200Âŧ̧ ͣ
NR2Bƥ¶͢Sigma-Aldrich, total: 500Âŧ̧, cell surface: 200Âŧ̧ ͣGluR1ƥ
¶͢Millipore, 500Âŧ̧ ͣGluR2/3ƥ¶͢Millipore, 500Âŧ̧ ͣEAAC1ƥ¶
  11 
͢Alpha Diagnostic International, TX, USA, 1000Âŧ̧ ͣGLT-1ƥ¶͢Santa Cruz 
Biotechnology, TX, USA, 500Âŧ̧ ͣβ-Actinƥ¶͢Sigma-Aldrich, 5000Âŧ
̧ ͣ2Ǿƥ¶*(«.ƥ¶E¸Ɇ#Rabbit IgG Secondary Antibody 
Peroxidase Conjugated Properties͢Rockland Immunochemicals Inc., PA, USA ͣ






# PBS) 3ĢȕαSulfo-NHL-LC-Biotin͢Thermo Fisher ScientificPBS)ŧ
̧ͣ-ȋ) 30ß̲ăƉ #!.ſÚ# 100 mM.T[ȩȞ͢PBS
)ŧ̧ͣ) 3Ģȕα-20℃)Àʄ#ȋ)ʐʰE RIPA[]qevG
͢1% Triton X100, 20 mM Tris-HCl͢pH 7.4ͣ, 5 mM EDTA͢pH 8.0ͣ, 10 mM NaF, 
2 mM Na3VO4>2 1 mM PMSFEĐ9ȊȩȞͣ->@ȩ˨#ſȩ˨ȞE
4℃) 3Ǘ̲Ģ̇ #15000 rpm4℃) 30ß̲̞Ɔß̀#ſȢEĢ
ĄBCA Protein Assay Kit->@brS̩̀EȦŋ#ĊYx?ʀ
̩.brS̀E UltraLink Immobilized NeutrAvidin Protein Plus conjugated with 
agarose beads͢Thermo Fisher Scientificͣ-ñ4℃O.N.)ăƉ #5000 







#ʐʰ-˒éEÜɂ#ſKRHqevG͢130 mM NaCl, 5 mM KCl, 1.2 mM 
NaH2Po4 1.8 mM CaCl2, 10 mM TW], 1 % Bovine serum albumin>2 25 
mM HEPES͢pH 7.4ͣEĐ9ȊȩȞͣ) 3Ģȕα#!.ſKRHqevGE
ñ20ßſ-ʐʰĻȞEĢĄH2O2çȬè.Yx*#?-ǋ
 KRHqevG*Õ- 50 µM. H2O2Eñ20ßſ-ʐʰĻȞEĢĄ
H2O2çȬſ.Yx*#ĊYx.Tb̦/ High performance 
liquid chromatography͢Shimazu Co., Kyoto, Japanͣ->@Ȧŋ# 
 
2-3-9. RNAƨÝ̐̇ÙăƉReal-time PCR 
 ʐʰ×. RNA̩EȦŋ#24 wellxi)į͕#ʐʰE˒é->@Ü
ɂ#ſmirVana miRNA Isolation Kit͢Life TechnologiesͣEɆ(RNA.ƨ
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ÝE˗&#ƨÝ# RNA.ȮŰ/ Nano Drop-1000 spectrophotometer͢Thermo 
Fisher Scientificͣ->@ȦŋĊYx?ʀ̩. RNAE SuperScript VILO 
cDNA Synthesis Kit͢Life TechnologiesͣEɆ(̐̇Ù PCR͢25℃) 10ß̲
42℃) 60ß̲85℃) 5ß̲4℃)ăƉʑͣE˗&#ɄƝ# cDNA*
TaqMan Gene Expression Assays͢Life Technologiesͣ.xJEɆ(Real-
time PCR͢50℃) 2ß̲95℃) 10ß̲#ſ 95℃) 15ɰ̲60℃) 1ß̲E
40YJSͣ->A˔ÏE ABI Prism 7000͢Life Technologiesͣ->@ǴÝ
#¸Ɇ#xJ/«.̒@BDNFxJ͢Rn02531967 ͣ












 ̦÷]i]EɖɄ A H2O2->AʐʰȁEɨ˱A#:į͕Ľʹɚ̀
l- 1-100 µM. H2O2EƤʐʰ.ɄŇȿEȦŋ#ɄŇȿ.Ȧ
ŋ-/ 3'.ơȒ͢MTT assayMAP2‑Ǝʐʰǅ.˪Ȧ>2 Calcein 
assayͣEɆ#B.ȦŋȒ-(;50 µM«. H2O2ǘ͂ɭʓʐ
ʰȁE˲ŚA*ß&#͢Fig. 2-1A ͣ«̶.Ō͙)/ʐʰȁ.˲Ś-






:0.01-50 µM.PzXEƤ!. 24Ǘ̲ſ- H2O2ǘ͂E˗&#
PzX/ 1 µM«.ȮŰ-(Ɇ̩»Ňə-ɭʓʐʰȁEƣæ#















ƣæ#͢Fig. 2-1F, G ͣ 
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Figure 2-1. PzX/Ľʹɚ̀lE̦÷]i]?À˺A 
͢AͣDIV 7-8.į͕Ľʹɚ̀l-Ŗ 1-100 µM. H2O2EƤ#Ƥſ 9-
12Ǘ̲ſ-ʐʰ.ɄŇȿEMTT assay͢a ͣMAP2Ǫˊ͢b ͣCalcein assay͢cͣ->@
˪Ȧ#a: n=7-16b: n=24c: n=7-14***<0.001 vs - H2O2͢one-way ANOVAͣ͢ Bͣ
DIV 6-7.į͕l-Ŗ0.01-50 µM.PzXEƤ#Ƥ? 24
Ǘ̲ſ- 50 µM. H2O2EƤ?- 9-12Ǘ̲ſ.ɄŇȿEȦŋ#Caber: Pz
Xn=5-12***<0.001 vs + H2O2 - Caber͢two-way ANOVAͣ͢ Cͣ50 µM. H2O2E
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ƤA 0-24Ǘ̲è- 10 µM.PzXEƤ#H2O2Ƥ. 9-12Ǘ̲ſ-Ʉ
Ňȿ.ȦŋE˗&#n=4-12***<0.001 vs + H2O2 - Caber͢two-way ANOVAͣ͢ Dͣ10 
µM.PzXEƤ24Ǘ̲ſ- 50 µM. H2O2EƤ#9-12Ǘ̲ſ-ʐ
ʰEĥŋMAP2ƥ¶->AÐɍǪˊE˗&#Con: Wi]Uq:50 
µm͢EͣMAP2-‑Ǝʐʰǅ.ŋ̩hbEɪ#n=12***<0.001 vs - H2O2 - Caber
͢two-way ANOVAͣ†††<0.001 vs + H2O2 - Caber͢two-way ANOVAͣ͢ FͣH2O2͢50 µMͣ
Ƥ. 24Ǘ̲è-PzX͢10 µMͣEèÜʢ#Hoechst 33342->AǮǪˊE
˗ǮÛʞE˦ŕ#]Uq: 25 µm͢GͣǮÛʞE#ʐʰǅ.ŋ̩h
bEɪ#n=15***<0.001 vs - H2O2 - Caber͢two-way ANOVAͣ†††<0.001 vs + H2O2 






r D2ĆŐ¶.ɖɀ/ DIV 4-(Ǜ;µDIV 6-11)/ČɳŰ-ɖɀ




->Aʐʰȁƣæ̵ŏB#͢Fig. 2-2B ͣ 
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Figure 2-2. PzX.ɭʓÀ˺·Ɇ-Ajr D2ĆŐ¶.̳ 
͢Aͣa: DIV 4-11.į͕Ľʹɚ̀l-Ajr D2ĆŐ¶.ɖɀ̩E
WB->@˴4#n=4*<0.05 vs DIV 4͢one-way ANOVA ͣb: DIV»Ňə,[kx]
Ɲȵ.~\gIwWi*( synapsin I͢[kx]̳̕brS̀ͣ.ɖɀEɪ
#n=5**<0.01 vs DIV 4***<0.001 vs DIV 4͢one-way ANOVAͣ͢ BͣPzX
.Ƥ 20ßè-]u{EƤ#n=6-12***<0.001 vs - H2O2 - Caber - 
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ŖPzX.Ƥſ 324Ǘ̲-(BDNF.ɖɀ-ĺ÷/˱:?
B,&#͢Fig. 2-3 ͣ 
 
 
Figure 2-3. PzX/Ľʹɚ̀l. BDNFɖɀ-ź͉, 
PzX͢10 µMͣE 3;/ 24Ǘ̲Üʢ#7#~\gIwWi*
( KCl͢50 mMͣ. 3Ǘ̲ǘ͂E˗&#Real-time PCR->@ BDNF mRNAEȦŋ
ŋ̩-/ GAPDH.ɖɀ̩)ǹȨ÷#n=6***<0.001 vs con͢two-way 
ANOVAͣ 
 
2-4-6. H2O2ǘ͂/ ERKp38[TkEȖƎ÷ ʐʰȁE˲ŚA 
 ̦÷]i]->AH~i[].˲Ś-/Mitogen-activated Protein Kinase
͢MAPKͣ[Tk.ȖƎ÷̳(APzX̦÷]i]->
AH~i[]Eƣæ#*?H2O2->A 3'.MAPK[Tk
Extracellular Signal-regulated Kinase͢ERKͣ[Tkʓ̄c-jun N-terminal kinase
͢JNKͣ[Tkʓ̄>2 p38 MAPK͢p38ͣ[Tkʓ̄.ȖƎ÷͢
̦÷ͣE˨ǧ#H2O2.ƤͤǗ̲ſERK 1/2-(/ǝƖ,ȖƎǑ
˦ŕB3Ǘ̲ſ;͜ȖƎʗƯB(#͢Fig. 2-4A ͣp38/ H2O2ǘ͂
ſ5ß)ȖƎ÷30ßſ-(Ǜ;͜ȖƎEɪ#͢Fig. 2-4A ͣǌ
JNK 1/2/ǝƖ,ȖƎǑEɪ,&#͢Fig. 2-4A ͣ 
 ʖ(Ċ[Tkʓ̄-ŖAȹɋə,̵ŏéEɆ(H2O2->Aʐʰ
ȁ˲Ś3.̳EǴ˭#ERK 1/2.ȗRk`͢MAPKKͣ.Rk`Ȗ
ƎE̵ŏA U0126/Ɇ̩»Ňə- H2O2->AɭʓʐʰȁEƣæ#͢Fig. 
2-4Ba ͣ10 µM. U0126/ ERK[Tk.̦÷E56ŊÓ-ƣæA*
Eɨ:#͢Fig. 2-4Bb ͣp38.Rk`ȖƎE̵ŏA SB203580/Ɇ̩»
Ňə-ɭʓʐʰȁEƣæ#͢Fig. 2-4Bc ͣǌJNK 1/2.Rk`ȖƎE̵
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ŏA SP600125->AɭʓÀ˺·Ɇ/̷ŋə$&#͢Fig. 2-4Bd ͣ 
 
 
Figure 2-4. H2O2->AMAPK[Tk.ȖƎ÷*ʐʰȁ.˲Ś 
͢Aͣa:į͕Ľʹɚ̀l- H2O2͢50 µMͣEƤ#Ƥſ 53060180
  19 




vs 0 min͢one-way ANOVAͣ͢ Bͣa: 0.1-10 µM. U0126͢ERK[Tk̵ŏéͣEƤ
20ßſ- H2O2ǘ͂E˗&#9-12Ǘ̲ſ-MTT assayE˗ʐʰ.ɄŇȿEȦ
ŋ#n=4***<0.001**<0.01 vs + H2O2 - U0126͢two-way ANOVAͣb: 10 µM.
U0126E H2O2ǘ͂. 20ßè-Ƥǘ͂ſ 1Ǘ̲-A ERK.̦÷EWB)
ǴÝ#U0126Ƥʥ-AqjEɨ˱A#:Figure 2-4Aa>@̮͂ÏE˗
&(A!.ſw.]ieuTE˗ERKƥ¶EweiWB
->@Ȧŋ#c: 0.1-10 µM. SB203580͢p38[Tk̵ŏéͣE H2O2ǘ͂. 20ß
è-ƤʐʰɄŇȿ3.ź͉E˴4#n=8***<0.001 vs + H2O2 - SB203580͢two-
way ANOVAͣd: 5 µM. SP600125͢JNK[Tk̵ŏéͣE 20ßè-Üʢ#ſ
H2O2EƤ#9-12Ǘ̲ſ-ʐʰ.ɄŇȿEȦŋ#n=6***<0.001 vs - H2O2 - 
SP600125††<0.01 vs + H2O2 - SP600125͢two-way ANOVAͣ 
 
2-4-7. PzX/ H2O2ǘ͂->A ERK 1/2p38.ȖƎ÷E̵ŏA 
 PzXH2O2->A ERK 1/2 < p38 .ȖƎ÷-Aź͉E˨ǧ
#PzX.èÜʢ/H2O2->A ERK 1/2>2 p38.ȖƎ÷EǝƖ




* SB203580.ÕƤ/ɠñ·ɆEɪ#͢Fig. 2-5D ͣ.*? ERK 
1/2.ƣæ·Ɇ>@ɭʓÀ˺-ő(A*ʨ?BA 
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Figure 2-5. PzX ERK 1/2>2 p38.ȖƎ÷-Aź͉ 
͢Aͣ͢ BͣPzX͢10 µMͣ.Ƥ 24Ǘ̲ſ-H2O2EƤ#ERK 1/2.
̦÷E H2O2Ƥ. 60ßſ-p38.̦÷E H2O2Ƥ. 30ßſ-˨ǧ#!
.ſw.]ieuTE˗ERK>2 p38ƥ¶Eweii
bvNEǴÝ#pERK 1/2: n=7pp38: n=5***<0.001**<0.01 vs - H2O2 - 
caber†††<0.001††<0.01 vs + H2O2 - caber͢two-way ANOVAͣ͢ Cͣ͢ DͣH2O2ǘ͂. 24
Ǘ̲è-PzXE20ßè- U0126;/ SB203580EèÜʢ#H2O2- 9-
12Ǘ̲ǘ͂#ſʐʰ.ɄŇȿEȦŋ#U0126: n=9-12***<0.001 vs + H2O2 - 








ʐʰ×[Tk.ȖƎ÷<ʐʰȁE˲ŚA*ɪĜB(A͢Mailly et al., 
1999; Lee et al., 2004 ͣ!)H2O2ǘ͂-AˈĿȇƎ.̳EǴ˭#7
͜ȮŰ.Tb̦Ƥ/Ɇ̩»Ňə-ɭʓʐʰȁE˲ŚA*Eɨ
˱#͢ Fig. 2-6A ͣ7#NMDAĬTb̦ĆŐ¶.̵ŏé)A AP5/
H2O2ǘ͂->AɭʓʐʰȁEƣæ#͢ Fig. 2-6B ͣ́ ´»ŇƎ Ca2+dn.̵
ŏé)AlvL\u;H2O2ǘ͂->Aʐʰȁ.˲ŚE̵ŏ#͢ Fig. 2-6C ͣ 
 
 
Figure 2-6. ̦÷]i]->ATb̦ȇƎ.˲Ś 
͢AͣDIV7-8.Ľʹɚ̀l- 10-500 µM.Tb̦EƤ#24Ǘ̲ſ
-MTT assayE˗ʐʰ.ɄŇȿEȦŋ#n=8***<0.001 vs - glutamate͢one-way 
ANOVAͣ͢ Bͣ͢ CͣAP5͢10 uMNMDAĬTb̦ĆŐ¶̵ŏéͣ7#/lvL\
u͢10 µM́´»ŇƎ Ca2+dn̵ŏéͣ.Ƥ 20ßſ- H2O2EƤ#9-12
Ǘ̲ſʐʰ.ɄŇȿEȦŋ#AP5: n=6-12***<0.001 vs - H2O2 - AP5†††<0.001 vs 
+ H2O2 - AP5͢two-way ANOVA ͣlvL\u: n=6-12***<0.001 vs - H2O2 - 
Nifedipine†††<0.001 vs + H2O2 - Nifedipine͢two-way ANOVAͣ 
 
2-4-9. PzX/Tb̦ĆŐ¶.ɖɀ-ź͉, 
  22 
 Ǿ-PzX H2O2->A̛ˈĿȇƎ.˲ŚEƣæAĉʲƎEǴ˭
#Tb̦ĆŐ¶.ɖɀȤŜ/ˈĿȇƎ-ŖƧƥƎEA*




A[kx[ 1.ɖɀ̩-ź͉E,&#͢Fig. 2-7A ͣ?-ʐʰ˂-
ŞĨATb̦ĆŐ¶.ɖɀ̩-ɢɞ#*CNR2A-(.8
Ë,ȤŜ˱:?B#NR2BGluR1GluR2/3)/ź͉8?B,&#
͢Fig. 2-7B ͣ 
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  24 
 
Figure 2-7. PzX/Tb̦ĆŐ¶.ɖɀ-ź͉, 
͢AͣDIV6-7.Ľʹɚ̀l-PzXE 24Ǘ̲ÜʢTb̦ĆŐ
¶Ywlei͢GluR1GluR2/3NR2ANR2Bͣ>2x[kx]P
͢synapsin1ͣ.ɖɀ̩EWB)Ȧŋ#All protein: n=8͢t-testͣ͢ BͣPzXE
24Ǘ̲Üʢʐʰ˂.Tb̦ĆŐ¶Ywlei͢GluR1GluR2/3
NR2ANR2Bͣ.ŇĨ̩EWB)Ȧŋ#NR2A: n=9*<0.05 vs con͢t-test ͣNR2B: 







̦.ǑǝƖ-ƣæB#͢Fig. 2-8A ͣ 
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Tb̦i]~b.ɖɀǝƖ-Ǒ(#͢Fig. 2-8B ͣ 
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2-5. ʨŕ 
 
2-5-1. PzX.ɭʓÀ˺·Ɇ*jr D2ĆŐ¶ 
 PzXEĐ9͞˧ʋjr D2ǸĆŐ¶HXl]i/ȖƎ̦ʍɴ
EɟƷ̢ÍA\P]Pz\*(·ɆA*ɣ?B(A





ēB(A͢Lombardi et al., 2002 ͣǌICRK]-PzXEʿʼ×
Ƥ#–̀͠*ʝǥ¶)8?BAɭʓÀ˺·Ɇ/p{j->@̵ŏ


















2-5-2. PzX* BDNF 
 Î˗ɥɷ-(PzX.̮ǠƤ->@ei.ț͖-A
BDNF̩ĸñA*ıēB(A͢Chiba et al., 2010 ͣBDNF/ɭʓÀ
˺·ɆE;'*)ɣ?B(A#:¥Ģ. in vitroʋ-(; BDNFɖɀ
3.ź͉E˨ǧ#PzX.Ƥ 3>2 24Ǘ̲ſ. BDNF̩EȦ
ŋ#ǝƖ,Ǒ/8?B,&#͢Fig. 2-3 ͣǣɥɷ) BDNF.ĸñ8
?B,&#ɂɈ*(ɭʓʐʰɴ<ƤǗ̲Ō͙ʋ͢öÁ¶z







 MAPKP]Uj/*(ERKJNK>2 p38ʓ̄. 3ʓ̄->@Ƿ
ƝBAǸ	,ʐʰĻçȬ->&(ȖƎ÷Bİ̀._/]OlȂ
İE̦÷ʐʰ.ɄŇ<ȁEĐ9Ǹ	,Ǽʲ-̳(A͢Johnson and 








(;H2O2 JNKE̦÷ A-/ 1 mMɳŰ.ȮŰƇˠ)@100 
µM)/̦÷8?B,&#*ıēB(A͢Crossthwaite et al., 




 PzX/ H2O2->A ERK>2 p38[Tk.ȖƎ÷Eƣæ#












A͢Kaneko and Fujiyama., 2002 ͣTb̦·öƎl-̦÷]i
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]A*Tb̦.ʐʰĻˑɶ̃@l.̛ëˈĿ̃
A͢Mailly et al., 1999; Lee et al., 2004 ͣ.>,l.̛ˈĿ/ʐ
ʰĻ Ca2+.̛ëȗÒ-',@iWjH.ǼʲÓ<×ĨƎƥ̦÷ȸ̀
.ȤŜ->AȖƎ̦ʍɴ.ɅɄEų̃͢Stanciu et al., 2000; Schinder et al., 
1996 ͣ.>-̦÷]i]*̛ˈĿȇƎ/ŒƷ,̳¾-@Ō–̦÷
]i]ɐƘ-̳(A*BAʹɏƑ͢ADHDALSʹ˓˕ etc.ͣ
)/̛ˈĿȇƎ.̳;ɣ?B(A͢Feng and Wang., 2012; Johri and Beal 2012; 
Barber and Shaw., 2010; Pradeep and Diya., 2012 ͣ7#H2O2->A ERK[Tk
.ȖƎ÷-/ʐʰĻ Ca2+.ŇĨƇˠ)A*ɪB(@H2O2-
>A̛ˈĿMAPKP]Uj.ȖƎ÷-ő(A*ɪĜBA
͢Samanta et al., 1998 ̛ͣˈĿ-±ʐʰĻ Ca2+ȗÒ/NMDAĬTb̦
ĆŐ¶>2́´»ŇƎ Ca2+dnE¦(̃A#:!B"B.̵ŏé
H2O2->AʐʰȁEƣæA*Eɨ:#͢Fig. 2-6BC ͣ 
 
2-5-6. PzX*Tb̦i]~b 










ɖ·Ẽ*ıēB(A͢Rothstein et al., 1996 ͣČǸ- GLT-1.o
eScK/̛ˈĿȇƎ->Aɭʓʐʰȁ*̚ö̾ŏEų̃͢Rothstein 






;Tb̦.Øą@̋8-Ľő(A͢Rothstein et al., 1996 ͣH]
iYJi; D2ĆŐ¶Eɖɀ(A#:PzXH]iYJi.
GLT-1.ɖɀEǑ A?,AǴ˭Ƈˠ*ƍDBA͢Khan et al., 
2001 ͣ 




(A͢Crino et al., 2002; Romera et al., 2004; Ji et al., 2013 ͣOGD->A GLT-1
.ɖɀǑ/mTOR/Akt/NF	Bʓ̄.ȖƎ÷-»ŇA͢Ji et al., 2013 ͣ7
#EAAC1.ɖɀǑ/OGDſ. TNF-ɖɀ.Ǒ-»ŇA*ıē
















Ƒʩʹ-(;ERK[Tk.ȖƎ÷ıēB(A͢Perry et al., 1999; 
Gan et al., 2014; Feld et al., 2014 ͣERK[Tk̵ŏé.Ƥ/AD.ʐʰh
-AiWjH̾ŏEǀĞ7#ADhöȸ.˫ƛ̾ŏEǀ
ĞA*?AD.ȎɔõǨǠŽ)A͢Gan et al., 2014; Feld et al., 
2014 ͣɀĨ˱ĉB(A ERK[Tk̵ŏé.˄Ů˒*(/o
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B(A͢Munoz et al., 2007 ͣp38[Tk/˅ŦÐɍɏƑ.ȎɔbVe
i*(̵ŏé.̱ɖȎ͙˗DB(#ʫȇƎ,+̨ʇ,ê·ɆÝ
ɀ##:B7).*C˄Ů˒*(˱ĉB#;./ŇĨ,
͢Yasuda et al., 2011 ͣɀĨ½ŏĆŐƎɎɒ<ɭʓ̾ŏƎɎɒ.Ȏɔ˒Ã˝*
(ǋ#- SB681323* SCIO-469.Ȏ͙˗DB(@ɭʓƎɏƑ3.˄










2-5-7-4. ́´»ŇƎ Ca2+dn 
́´»ŇƎ Ca2+dn͢VDCC̵ͣŏé/͜˕ħɑ.Ȏɔ˒*(Ǹ	
,ɴ͒.˒é˱ĉB(AɀĨVDCC̵ŏé)AJ]\u-'
(PD-ŖAǝõƎE˴4AȎ͙˗DB(A͢Biglan et.al., 2017 ͣB
/͜˕ħȎɔ.#:- VDCC̵ŏéEǞ˒(A¤. PDɖɑ]Sµ
*ɍň˴ǫ<VDCC̵ŏé PDhöȸ.ɭʓĺƎEƣæAõǨ
˱:?B#*EǯƬ-(A͢Surmeier et al., 2017 ͣAD-'(; VDCC
̵ŏé->Aɖɑ]S.ȤŜıēB(@AD3.̟ƉƭĽǠŽB
A͢Anekonda and Quinn., 2011 ͣ 
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Curran and Perry., 2004 
ERK[Tk
̵ŏé 









Yasuda et al., 2011 
NMDAĬ Glu
ĆŐ¶̵ŏé 













Figure 2-9. PzX->AɭʓÀ˺Pl^.¬˳ 
ȱʝͦÎ˗ɥɷ?ɪĜBAʓ̄ ̓ͦ˒é 
̦÷]i]ǘ͂/ʐʰĻTb̦.ˑɶ*!B-±ʐʰ× Ca2+.̛ëȗÒ
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#Č.Ʉ¶ăƉE˲ɖA*Eɖˡ#͢Selye., 1936; 1956; 1976 ͣ!
(ż/“Ļ̤çȬ-ŖAͅȹɋə,Ʉ¶Ɖʂ”E]i]!.“]i]








͢Sapolsky et al., 2000 ͣ]i]->A GC.ßȑ/ˣŮ̤-ī¶-êʻɚ
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ȮŰ.ǑEũƘ÷ ¶×.ƐũƎɦʘEų̃ĉʲƎSelye.]
i]ɂ˵)ƸĝB(A͢Szabo et al., 2012 ͣ.¬˳/ɐəʬȧ<ʊŝ
ɐ˅ŦÐɍɏƑ,+Ǹ	,ɏƑ.ɐģ. 1'*(ƿƯB(@!#
ɏƑ.);ȹ-ʉɭɏƑ*.̳̕/ȓɞB>ɥɷB(A 
(Streeten., 1993; Roy et al., 1993; Tsigos et al., 1993; Sternberg., 2001; Numakawa et al., 
2013)Ǐũə,]i]ɖɑ.&*ʨ?B(AĽ'ɐ/̮Ǡ
̲.ƣ'ȺƘ*˅Ȅ͑ǟ,+EɑȺ*AʉɭɏƑ)AĽ'ɐƑʩ.ʌ
30͡-(˕ cortisol͢si×ĨƎ GCͣ.͜Ä˱:?BA͢Young et al,, 
2001 ͣļ.Ĳċ.˕ GC.Ǒ/HPÄ.nQgIwvIjqe
SǼǷ.ɦʘ͢HPÄ.ʸƣæͣE±&(@B GCȮŰ.ɐəǑ.ÿ
ģ*ʨ?B(A͢Dedovic and Ngiam., 2015 ͣöȸh-(;ƙƎ
ə,]i]˽ˌHPÄ.ʸƣæEų̃*ıēB(@!
.Ǽů*(ț͖<è͍èɚ̀-A GC.ĆŐ¶.ɖɀȤŜ.̳ɪĜ
B(A͢Wright et al., 2006 ͣGC.ĆŐ¶-/͜˥ĘƎĆŐ¶)An
WdWJjĆŐ¶͢MRͣ*µ˥ĘƎĆŐ¶)ATWWdWJjĆ





















Õ̒A]Sģņ*(Ʊ?BA͢Li et al., 2012 ͣɍňəɥɷ?łŅ
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.ȅ¶-ŖAʉɭə̆ ¶ə]i]Ʉ7B#ņ.řǦə,ɖ̜̾ŏ͢ ȓ
Ɩǽ̺ļöƎ̾ŏ˅̰ɑ]{Si̾ŏͣ<ʉɭɏƑ͢ʕċľ˴ɑ'
ɐ .ͣɖɑ]SEǑ A*ıēB(A͢ van Os and Selten, 1998; van 
den Bergh and Marcoen., 2004; Beversdorf et al., 2005; Grizenko et al., 2012; Graignic-
Philippe et al., 2014 ͣ7#ȅ¶]i]/ņ.ÝɄ¶̨˱ɣǼʲ>2ʹ
.ȯɗ̀Ő̩*˽.ɠ̳Eɪ͢Wadhwa et al., 1993; Entringer et al., 2009; Buss et 
al., 2010 ͣȅ¶]i]ņ.ɭʓɖ̜-Aź͉.˰ʐ,ßņPl^
-/ǒ,ȱļ</@ȅ¶˕. GCȮŰǑɌDB(A͢ Wadhwa 
et al., 1993; Wilcoxon and Redei., 2007; Salmon et al., 2011 ͣȅ¶.˕7#/ʤȊ
. cortisolȮŰ/ÝɄ¶̨<˱ɣǼʲ*˽.ɠ̳Eɪ*ıēB(A
͢Goedhart et al., 2010; Bolten et al., 2011; Bergman et al., 2010 ͣ̒ũȅ¶ɈǦ.
GC/ʯɜ-˻œ-ŇĨA 11-β hydroxysteroid dehydrogenase type2͢ 11β-HSD2ͣ
->@ȖƎ, cortisone -ª˷BA#:GC .ʯÑ˕3.ȗÒ/ȤŜ
A͢Reynolds., 2013 ͣȅ¶]i]/. 11β-HSD2 .ɖɀ̩>2
̥ʍȖƎEȤŜ A*öȸŌ͙-(ıēB(A͢Mairesse et al., 
2007 ͣ7#si-(;ȅ¶.Ɨ(Aŉ.Ľ*ʯɜ. 11β-HSD2
.ɖɀ̩̥ʍȖƎ˽.ɠ̳Eɪ*ıēB(A͢O'Donnell et al., 
2012 ͣ.*?ȅ¶]i]-AĲċ˕ GCȮŰ.Ǒ* 11β-
HSD2 .ȖƎµ->@GC ʯÑ˕-͜ȮŰ)ȗÒAĉʲƎA
͢Reynolds., 2013 ͣ 
 ʯÑ-ŖA GC .͜ȮŰǘ͂ɄAȺȐ*(ȅ¶]i]«Ļ-;
Ȏɔɞə)ȅ¶-ċƝ GC EƤAU]Ʊ?BAGC /ʯÑ.ʭƝȵ
E¿̖AõǨA#:ǐɅ.ƏBAĲċ-ċƝ GC EƤA*
A͢Braun et al., 2013 ͣċƝ GC/ 11β-HSD2->Aß˨EĆ,#:ȅ
¶-ƤB#ċƝ GC /!.77ʯÑ˕3ȗÒAċƝ GC .Ƥ/
ǋɄÑ.Ėđɺ̍ɑÃʥ.]SEȤŜ Aǌ)ÝɄ¶ ̨͍ ĔĤ.ȤŜ
ņº.˱ɣǼʲ.µ>2ļöȓƖǄȫ,+Ɠöɖ̜3.ź͉ļı
ēB(A͢French et al., 1999; Crowther et al., 2007; Frenchet et al., 2009; Braun et 
al., 2013 ͣ#$ċƝ GC.ɖ̜3.ź͉EďŋAıē;ŇĨA#:¥





EłŅ 19Ǐɞ-ĻǇ]i]͢ ȼ*Čʅ- 15minÒBA -ͣǘ#Ĳċ!.
§/ÝɄǗ.ȁ¡ȿǑ*ÝɄ¶̨.µEɪƝȾ*,&#ſ;̮Ǡ˫ƛ
.µ*ŉǸ˗öEɪ*ıēB(A͢Lordi et al., 2000 ͣ7#łŅ
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13-21Ǐɞ.ei-ŖA˟ċə,]i]çȬ͢ ƫǤŷæȊȔ>2͜Ɵ]
i].ʒ8ċD ͣ§.ŉǸ˗ö*ȸ̀˱˸˫ƛʲï.µ͢ ].8 ͣ
ɸ̲˫ƛ̾ŏ͢ O].8 Eͣų̃*ıēB(A͢ Salomon et al., 2011 ͣ
ˈĕȟ*-ȅ¶]i]->A§.ŉǸ˗ö/]i]˽ˌè-ȅ¶
.êʻɚ̀E̹ĀA*)ȜľA?-êʻɚ̹̀ĀE˗&#ȅ¶-




*,&(AĉʲƎA͢ Salomon et al., 2011 ͣ#$¨ .Tx˗&#
ȅ¶]i]ɥɷ)/O]ȹɋə-˦ŕB#ɸ̲˫ƛʲï.µ;ȅ¶.
êʻɚ̹̀Ā->@ǀĞ#*ıē;@˫ƛ̾ŏ-̳(/7$ˇ
#ˡ˨Ɓ?B(,͢Zagron and Weinstock., 2006 ͣ 
'Ǹ˗ö-̳(;ȅ¶]i].ź͉ıēB(AłŅ 15Ǐɞ
?ÝɅ7)ȆǏŋǗ̲.ƫǤ]i]-ǘB#ei.§/]).8
ƝȾſ.'Ǹ˗ö˱:?B#͢Alonso et al., 1991 ͣ7#ȅ¶.êʻɚ̹̀
Āſ-͜ȮŰ. CORTƤE˗&#Ĳċ;Č].§-.8'Ǹ˗ö
ˡ?B#͢Wilcoxon and Redei, 2007 ͣ#ȅ¶]i]EĆ#§/Ɲ
Ⱦſ-(;]i]˽ˌǗ- GC ßȑ̛ë-̃A*ıēB(
A͢Barbazanges et al., 1996 ͣB*ČǗ-ț͖. GR<MR.ɖɀȤŜ˱:
?BA*?ȅ¶]i]EĆ#§-/HPÄ.ʸƣæ̃(A*
ʨ?BA͢ Barbazanges et al., 1996; Bingham et al., 2013 ͣ. GCßȑ.¢̖/
ȅ¶.êʻɚ̹̀Ā->@ȜľA*?ʯɄǠ-A GC .ǘ͂§






i.§/Űǥ®©E˗&#Əƌ˫ƛ.ȜĀňʧ-̾ŏɄA͢ Bingham et 




ċƝ.ž̥̓ʍͣ.ɖɀȤŜ8?B#͢Bingham et al., 2013 ͣ̓ǉǮ?è͍
èɚ̀3.oHjkçȬ/Əƌ˫ƛ.ȜĀňʧ-̳A*?
B?.ʓ̄.ɋũȜĀňʧ.ƣæ-̳(AĉʲƎA͢Mueller et 
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ɪĜB(AɄſ 4-7Ǐɞ.ei-ŖA Dexamethasone͢ DEXċƝ GCͣ
.Ƥ/¶̨ȤŜț͖.ŐɶȤŜ>2ʹōŨĽʹɚ̀ț͖ȀȺĢ
͢ɭʓǋɄ.̃Aʹ̤´ͣ͌ĭ).ĸȃƎʐʰ.ȤŜEų̃͢Kanagawa 
et al., 2006 ͣ7#łŅ 15.5Ǐɞ.K]-ŖA DEX.üĢƤ-(;
§.¶̨ȤŜț͖Őɶ.ȤŜ!(ț͖ȀȺĢ-Aĸȃʐʰ.ȤŜı
ēB(A͢ Noorlander et al., 2014 ͚ͣ 4*-ț͖ȀȺĢ.ĸȃʐʰ.
ȤŜ/ƝȾſ-(;˦ŕB#͢Noorlander et al., 2008 ͣ7#ƝȾſ-
(ŗė.ɤʞ.8,?ț͖ɭʓʐʰ.[kx]ĉĴƎ.1*')A̮
Ǡƣħ.̾ŏ<ɸ̲˫ƛ.̾ŏ˱:?B#B;ʯɄǠ. DEXƤɄȝ
-D#&(ƒź͉EA¹)A͢Noorlander et al., 2008 ͣ 
 
3-2-4. GCs->AɭʓǋɄ̾ŏ͢ʐʰhͣ 
 ʯÑǠ-AɭʓǋɄ*/ʯɄɭʓŬ/è͗ʐʰ͢ eNSPCs .ͣĸȃ*ɭʓʐ
ʰTHʐʰ3.ß÷ɛF-˗DBAʹŹƝ-Ąˠ,]gex)
A!.#:ɭʓǋɄ-A̾ŏ/!.ſ.ɭʓɖ̜̾ŏ<ʉɭɏƑ.ɖ




 siț͖ɈǦ.ǭ÷ NSPCs EɆ#ɥɷ)/cortisol .Ƥ!.ȮŰ-
>@ɋ,Aź͉E NSPCs .ĸȃ*ß÷-Ŗ(A*ıēB(A




Ɇ/ GR̵ŏé->&(ğľMR* GR NSPCs-Ŗɋ,AŻìEǨ#
(A*ɪĜB(A͢Anacker et al., 2013 ͣ7#cortisol.Ƥ/
ʐʰ×.Hedgehog[Tkʓ̄Eƣæ(@Č[Tk.ȖƎ÷é cortisol
->Aɭʓß÷ƣæEȤŵ A*;ıēB(A͢ Anacker et al., 2013 ͣ
B?.[Tkɋũ/ȅ¶]i]EĆ#ei.ț͖);˱:?BA*
?ɭʓǋɄ̾ŏ.ßņǼů*(ȓɞB(A͢Anacker et al., 2013 ͣ 
 ¨.Tx-(;GC ->A[Tk°̜ɋũ-ɢɞ#ɥɷ˗D
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B(AsiʯÑ.Ľʹɚ̀?Ƶą# eNSPCs/DEX.Ƥ->@!
.ĸȃ*ɭʓß÷ƣæB#͢Moors et al., 2012 ͣČǗ-DEX .Ƥ/
eNSPCs . Dickkopf1͢DKK1, ×ĨƎ Wnt [TkHbXl]iͣ.ɖɀE






[kx]ƝȵE̵ŏA*Eıē#͢Kumamaru et al., 2011 ͣBDNFEĐ
9ɭʓǬ͕ģņʥ>2ĸȃģņʥ->@ȖƎ÷A ERK< PI3K/Akt[Tk
ʓ̄/NSPCs.ĸȃ*ß÷.Ăǌ-ź͉A*/>ɣ?B(A͢Ishii et 
al., 2010; Liu et al., 2014; Nguyan et al., 2009; Qiao et al., 2012 ͣ*C NSPCs-
















ȩȞ͢9 units/ml.rrJ* 200 units/mlEĐ9 PBSȩȞͣEñ37℃) 20
ß̲Ʋɝ#1400 rpm) 1ß̲.̞Ɔß̀E˗ȢE̹Ā#ſ10 ml
. DMEM/F12įĩEκñu{egITE˗ʐʰE>Ɯȭ#!
.ſsterilizing filter->@ʒʡȷEą@̹#1400 rpm) 5ß̲.̞Ɔß̀
E˗ȢE̹Āſ-50 ml.ĸȃįĩ͢1/500̩. KBM Neural stem cell 
SupplementEĐ9 KBM Neural stem cell medium͢KOHJIN BIO, saitama, Japanͣͣ
Eñ>Ɯȭ#˕Ɂ˪ʃɜ)ʐʰŒŰE˪Ȧ0.5-1.5×106 cells/ml-,
A>ŧ̧T75v]W͢BD Falconͣ) 5% CO237℃.ǥ®) 4Ǐ̲
Ț̙į͕E˗&#ĸȃƎ. eNSPCs/Neurosphere*Ė0BAɁȺ.ʐʰĳ
EŹƝA4Ǐſ-ŹƝB# NeurospheresEĢĄ1400 rpm) 1ß̲̞
Ɔß̀ȢE̹0.05% ix[/EDTAȩȞ͢Sigma-AldrichͣEκñ
37℃) 5ß̲Üɂ#ſ-u{egITE˗&#1400 rpm) 1ß̲.
̞Ɔß̀E˗Ȣ̹Āſ-ĸȃįĩ-Ɯȭ#˕Ɂ˪ʃɜ)ʐʰŒŰE
Ȧŋ5×104 cells/cm2-,A>~MdJ)WgIT# 3.5 
cm dish 48 well plate7#/Q]}i dish-ƽɴ5% CO237℃.ǥ®
)į͕E˗&#ĸȃ˯͙)/!.ſ˒éƤ) 3-7Ǐ̲į͕#ß
÷˯͙)/ĸȃįĩ) 3Ǐ̲į͕#ſß÷įĩ͢1/50̩. B27 supplement




 GCǘ͂Ō͙-/ei.×ĨƎ GC)A CORT͢ Sigma-Aldrich *ͣċƝ GC
)A DEX͢ Sigma-Aldrich EͣɆ#B?. GC/eNSPCsExi7#
/ dish-ƽɴ(? 3-5Ǘ̲ſ-κñ!.ſ˨ǧE˗7)ǘ͂E
˗&#ƤȮŰ/]i]˽ˌǗ.ei.˕ CORTȮŰEāʨ-Fig.1
.̤.Ō͙E̹0.1-10 µM .ʆĤ)˗&#͢Bingham et al., 2013 ͣ7#
U0126͢ 10 µMMilliporeͣ* LY294002͢ 10 µMCell signalingͣ/ß÷˲Śſ 1Ǐ
ɞ?ƤE˗&#Rat reconbinat insulin-like growth factor͢IGF-I100 ng/ml
R&D Systems Inc.ͣ;ČǸ-ß÷˲Śſ 1Ǐɞ?ƤE˗&# 
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3-3-3. MTT assay 
 ĸȃ˯͙ſ.ɄŇʐʰǅ.ŋ̩*ß÷˯͙ſ.ʐʰɄŇȿ.Ȧŋ.#:48 







(Millipore, 1000Âŧ̧)SOX2͢ Abcam, 1000Âŧ̧ ͣAlexa Fluor 488 mouse IgG2A
ƥ¶͢Life Technologies, 200 Âŧ̧ ͣAlexa Fluor 546 rabbit IgG ƥ¶͢Life 







Ǿƥ¶*Ǿƥ¶/«.̒@SOX2ƥ¶͢ Abcam ͣTUJ1ƥ¶͢ Berkeley Antibody 
Company, CA, USA ͣDoublecortinƥ¶͢ DCXCell signaling ͣSyntaxinƥ¶͢ Signa-
Aldrich ͣSynapsin I ƥ¶͢Millipore ͣGluR1 ƥ¶͢Millipore ͣGAD65/67 ƥ¶
͢Signa-Aldrich ͣGFAPƥ¶͢Millipore ͣβ-Actinƥ¶͢Signa-Aldrich ͣphospho-
ERK͢Thr202/Thr204ͣƥ¶͢Cell signaling ͣERKƥ¶͢Cell signaling ͣphospho-
Akt͢ S473 ƥͣ¶͢ Cell signaling ͣAktƥ¶͢ Cell signaling ͣRabbit IgG (H&L) Secondary 
Antibody Peroxidase Conjugated Properties ͢Rockland Immunochemicals Inc. ͣ










 GC eNSPCs.ĸȃʲ-Aź͉E˴4A#:ĸȃǥ®. eNSPCs-
Ŗ3Ǐ̲. CORTǘ͂E˗&#0Ǐɞ* 3Ǐɞ.B-(;ļ





. CORTƤE˗&(;ź͉/ˡ?B,&#͢Fig. 3-1BC ͣDEX-'(
;CORT*ČǸ- 3Ǐ̲.ƤE˗&#</@ɄŇʐʰǅ3.ź͉/ɨ˱
),&#͢Fig. 3-1D ͣ«.ʔǨ?ǣį͕ʋ-(. GCǘ͂/
eNSPCs.ĸȃ-ź͉E,*D&# 
 
  42 
 
Figure 3-1. GC.ǘ͂ eNSPCs.ĸȃ3Aź͉ 
ĸȃǥ®. eNSPCs-ŖCORTA/ DEXE 0.001-10 µM7#/ 0.1-10 µM.
ȮŰ-(Ƥ#͢ AͣCORTƤſ 0Ǐɞ* 3Ǐɞ-(Nestin>2 SOX2ƥ
¶->AÐɍǪˊE˗&#ǘ͂ 3Ǐɞ-A Nestin‑ƎʐʰE˪Ȧ(ŋ̩E˗&
#(n=12 from 4 dishes)̂ͦSOX2ʛͦNestin̓ͦHoechst33342͢ʐʰǮ.ǴÝ ͣ]
Uqͦ20 µm͢BͣCORTƤſ 3Ǐɞ.ɄŇʐʰǅEMTT assay->@˨ǧ#
͢n=6-12 ͣ͢ CͣCORTƤſ 7Ǐɞ.ɄŇʐʰǅEMTT assay->@˨ǧ#͢n=6 ͣ

















Figure 3-2. eNSPCs.ß÷-±PbrS̀.ɖɀĺö 
ɭʓß÷ǥ®. eNSPCs-APbrS̀.ɖɀĺöEWB->@Ȧŋ
#͢n=4 ͣSOX2 : NSPCsP TUJ1DCX : ɭʓʐʰPSynapsin I
SyntaxinGluR1 : [kx]PGAD65/67 : GABA·öƎɭʓʐʰP
GFAP : H]iYJiPβ-Actin : ×̤Wi *** P<0.001** P<0.01






rS̀.ɖɀ̩.˨ǧE˗&#ß÷˲Śſ 3Ǐɞ)/10 µM. CORTƤ
ʥ-(ɭʓʐʰ[kx]P͢TUJ1DCXSynapsin I
Syntaxinͣ.ɖɀȤŜ˱:?B#͢Fig.3-3A ͣ7#0.1-10 µM. CORTƤ
->@H]iYJiP)A GFAP.Ɇ̩»Ňə,ɖɀȤŜ˱:?
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B#͢Fig.3-3A ͣǌ)NSPCsP)A SOX2.ɖɀ-/ź͉ˡ?









* 7 Ǐɞ.B-(;0.1-10 µM . DEX Ƥʥ)/ DCXSyntaxin
GFAP .ɖɀȤŜ˱:?B#͢Fig.3-4AB ͣ7#0.1-10µM . DEX ǘ͂/
˲Śſ 7Ǐɞ-AʐʰɄŇȿEȤŜ #͢Fig.3-4CD ͣ 
 
 
Figure 3-3. CORTǘ͂->A eNSPCs.ß÷*ɄŇ3.ź͉ 
ɭʓß÷E¿ǥ®-A eNSPCs-ŖCORT͢0.1-10 µMͣEƤ#͢ Aͣ˲
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Śſ 3Ǐɞ-APbrS̀EWB)ǴÝŋ̩E˗&#͢n=5-9 ͣ͢ Bͣ
˲Śſ 7Ǐɞ.PbrS̀.ɖɀEWB)˨ǧŋ̩#͢n=5-9 ͣ͢ Cͣ͢ Dͣ
˲Śſ 3Ǐɞ͢Cͣ* 7Ǐɞ͢Dͣ-AʐʰɄŇȿEMTT assay->@Ȧŋ#
͢n=6 ͣ*** P<0.001** P<0.01* P<0.05 vs CORTǡƤʥ. 
 
 
Figure 3-4. DEXǘ͂->A eNSPCs.ß÷*ɄŇ3.ź͉ 
ß÷ǥ®. eNSPCs-ŖDEX͢0.1-10 µMͣ.ƤE˗&#͢ Aͣ˲Śſ 3Ǐɞ-
APbrS̀.ɖɀ͢n=5-6 ͣ͢ ɭʓʐʰ; DCX., [kx]; syntaxin., H]i
YJi; GFAPͣ͢ Bͣ˲Śſ 7Ǐɞ.PbrS̀.ɖɀ͢n=5-6 ͣ͢ Cͣ͢ Dͣ˲
Śſ 3 Ǐɞ͢Cͣ* 7Ǐɞ͢Dͣ-AʐʰɄŇȿ͢n=6 ͣ*** P<0.001** P<0.01* 
P<0.05 vs DEXǡƤʥ. 
 
3-4-4. GC/eNSPCs.ɭʓß÷-± ERK1/2* Akt .ȖƎ÷Eƣæ
A 
 ERK [Tk* PI3K/Akt [Tk/ɭʓǬ͕ģņ->Aɭʓß÷ʐʰɄ
Ň¿̖·Ɇ-(;ͅũ-̨ˠ,ŻìEƩ&(A͢Ishii et al., 2010; Qiao et al., 
2012 ͣ!)GC.ß÷ƣæ·Ɇ.ǼůE˴4AȲ-B? ERK[Tk*
PI3K/Akt [Tk.ĺ÷-ɢɞ#7Ǜá-eNSPCs .ß÷˲Ś-
A[Tk.×Ĩə,ȖƎȺƘE˴4A#:ERK1/2 * Akt .ȖƎ÷Eăǔ
A̦÷ȺƘEWBȒEɆ(ǴÝ#̦÷ ERK1/2͢ pERK1/2 /ͣ
˲Śſ 5-7Ǐɞ-ǑA.-Ŗ̦÷ Akt͢ pAktͣ/˲Śſ 3-5ɞ-ǝƖ
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,ǑEɪ#͢Fig.3-5 ͣʖ(CORTƤB? pERK1/2* pAkt-
Aź͉E˨ǧ#˲Śſ 3Ǐɞ)/10 µMƤʥ-A ERK2.̦÷
ƣæ*1-10 µMƤʥ-A Akt.̦÷ƣæ!B"B˱:?B#͢ Fig.3-
6A ͣ˲Śſ 7Ǐɞ)/1 µM CORTƤʥ-( ERK1/2.̦÷¢̖
(A.-Ŗ10 µMƤʥ)/̦÷/ȤŜ#͢Fig.3-6B ͣǌ





Figure 3-5. eNSPCs.ɭʓß÷-± ERK1/2* Akt.̦÷ȺƘ.ĺ÷ 
ɭʓß÷.ǥ®-A eNSPCsEɆ(WB->A ERK1/2* Akt.̦÷ȺƘ
E˨ǧ#ĊbrS̀.̦÷vN͢pERK1/2pAktͣEǴÝſw
.ƥ¶.]ieuTE˗ǋ#-Č.w)ibvN͢ ERK1/2




Figure 3-6. CORTǘ͂ ERK1/2* Akt.̦÷-Aź͉ 
ɭʓß÷˲Ś. eNSPCs-ŖCORT͢0.1-10 µMͣEƤ#͢ Aͣ˲Śſ 3Ǐɞ.
ERK1/2* Akt.̦÷ȺƘEWB->@˨ǧ#͢n=3-9 ͣ͢ Bͣ˲Śſ 7Ǐɞ-
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A pERK1/2* pAktEǴÝŋ̩#͢n=3-9 ͣ*** P<0.001** P<0.01* P<0.05 vs CORT
ǡƤʥ. 
 





E˴4A*-#ERK1/2 E̦÷ARk`)A MEK1/2 .̵ŏé
U0126/˲ Śſ 3Ǐɞ* 7Ǐɞ-(ERK1/2.̦÷EƣæA*E
ɨ˱#͢Fig.3-7AB ͣ7#˲Śſ 7 Ǐɞ-( U0126 ->A GAD65/67
.ɖɀȤŜ˱:?B#¨ .Pßņ3.ź͉/ˡ?B,&#͢ Fig.3-
7AB ͣǌ)ʐʰɄŇȿ/˲ Śſ 7Ǐɞ-(ǝƖ,ȤŜEɪ#͢ Fig.3-
7E ͣʖ(Akt .ȗßņ)A PI3K .̵ŏé LY294002 .ƤE˗&#
LY294002 Ƥʥ)/˲Śſ 3 Ǐɞ* 7 Ǐɞ-(pAkt .ȤŜɨ˱B
#͢Fig.3-7CD ͣ7#.˲Śſ 3 Ǐɞ* 7 ǏɞB-(;ɭʓʐ
ʰ>2[kx]P͢DCXSyntaxinGAD65/67ͣ.ɖɀȤŜ˱:?B
A.-ŖH]iYJiP͢ GFAPͣ/˲Śſ 3Ǐɞ).8ɖɀȤŜE
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Figure 3-7. ERK[Tk* Akt[Tk.̵ŏé eNSPCs.ß÷-Aź͉ 
ß÷˲Śſ 1Ǐɞ-U0126͢10 µMͣ7#/ LY294002͢10 µMͣEƤ#͢ Aͣ͢ Bͣ
˲Śſ 3Ǐɞ͢Aͣ* 7Ǐɞ͢Bͣ-A ERK1/2.̦÷ȺƘ*ĊɴPbr
S̀.ɖɀE WB->@ǴÝŋ̩#͢n=4-5 ͣ*** P<0.001 vs U0126ǡƤʥ͢Cͣ
͢Dͣ˲Śſ 3Ǐɞ͢Cͣ* 7Ǐɞ͢Dͣ. pAkt*PbrS̀.ɖɀzE˨
ǧ#͢n=3-5 ͣ*** P<0.001** P<0.01* P<0.05 vs LY294002ǡƤʥ.͢ Eͣ˲Śſ 3Ǐ
ɞ* 7Ǐɞ.ʐʰɄŇȿEMTT assay->@˨ǧ#͢n=6 ͣ*** P<0.001** P<0.01 vs 
control. 
 
3-4-6. IGF-I->A AktȖƎ÷.¿̖*CORT->Aɭʓß÷̾ŏ.ǖǿ 




¢̖/˱:?BAkt .̦÷.8 CORT üȻƤ-Ȉ4(ǝƖ,ǑE
ɪ#͢ Fig.3-8A ͣ7#IGF-IƤ/CORT.ǝȳ-̳D?DCX* Syntaxin
.ɖɀEĸñ #GFAP .ɖɀ-/ź͉E,&#͢Fig.3-8B ͣ,





Figure 3-8. IGF-IƤ CORT->Aɭʓß÷̾ŏ-Aź͉ 
ɭʓß÷˲Ś. eNSPCs-Ŗ( CORT͢10 µMͣEƤ˲Śſ 1Ǐɞ-?-
IGF-I͢100 ng/mlͣEκñ#͢ Aͣ˲Śſ 7Ǐɞ-A ERK1/2* Akt.̦÷
zEWB->@˨ǧ#͢n=3-4 ͣ*** P<0.001** P<0.01 vs CORTIGF-IǡƤʥ. 
†† P<0.01͢Bͣ˲Śſ 7Ǐɞ.PbrS̀.ɖɀzEɪ#͢n=4 ͣ*** 
P<0.001* P<0.05 vs CORTIGF-IǡƤʥ. ††† P<0.001 †† P<0.01 
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3-5. ʨŕ 
 
3-5-1. GC->Aɭʓß÷ƣæ·Ɇ* GC.µ˥ĘƎĆŐ¶ GR 
 &Ȁ͒-A×ĨƎ. GC)A CORT/ɴ͒.ĆŐ¶͢MRGRͣ
-Ŗ(ʔċAGR. CORT-ŖA˥ĘƎ/MR-Ȉ4µ#:]i
],+)˕ CORTȮŰǑ#ȺȐ-(GR/ CORT*ʔċȖƎ





*D@Ǵ˭A*),&#͢data not shown ͣ!)GR-ȹ
-͜˥ĘƎEƯ'ċƝ GC)A DEXCORT*ČǸ.·ɆEɪǴ˭
#*CCORT>@µȮŰ͢0.1-10 µMͣ)ɭʓß÷ƣæ·ɆEǝA*
Eɨ˱)#͢Fig.3-4 ͣDEX. GR3.˥ĘƎCORT-Ȉ4ʌ 30Â)A






ŇĨA͢Tasker et al., 2006 ͣmGR/cAMP-PKAʓ̄< PKCʓ̄*&#
GbrS̀ÕŻĆŐ¶.ȗʓ̄EȖƎ÷A*)!# GCs.ǐ
·ɆE­¦(A*ʨ?B(A͢Yang et al., 2013 ͣmGR/Akt<
ERKp38JNK[TkEȖƎ÷A#[Tk.ȖƎ÷/ GC.






3-5-2. ɭʓß÷* ERKPI3K/Akt[Tk 
 ERK * PI3K/Akt [Tk.ȖƎ÷ģņEįĩ-κñA*)NSPCs .
ß÷<ɄŇ¿̖A*/ļ.ɥɷ?ǒ?)A͢Ishii et al., 2010; Liu 
et al., 2014; Nguyan et al., 2009; Qiao et al., 2012 ͣǣɥɷ)/!#ɭʓß÷E
¿̖AģņEĐ7,ß÷˲ŚįĩEɆ(NSPCs .˅ɖƎß÷E¿#
ˈĕȟ*-#˅ɖƎ.ß÷̛ɳ-(;ERK1/2* Akt͐ː-















,ß÷̛ɳ-A ERK >2 PI3K/Akt [Tk.ȖƎ÷/[TkȖƎ÷
ģņ.OiSJ7#/rSJ->@Ʉ(AĉʲƎʨ?BA 
 




A͢Sandari et al., 2004; Smith et al., 2005; Horsch et al., 2007; Gonzalez et al., 2010; 
Kumamaru et al., 2011 ͣB7) eNSPCs-ŖA GCs.ź͉/˴4?






͢Kumamaru et al., 2011; Kuo et al., 2012; Zou et al., 2015 ͣɭʓʐʰEɆ#Î˗ɥ
ɷ)/GCsBDNF. RTK)A TrkB* ERK[TkEȖƎ÷A Shp2
.ʔċE̵ŏA*)BDNF->A ERK[Tk.ȖƎ÷E̵ŏA*
ıēB(A͢Kumamaru et al., 2011 ͣGCs->A Akt[Tk.ƣæ/͛
ˋʐʰ*ʁˋʐʰ-(ıēB(A͢Kuo et al., 2012; Zou et al., 2015 ͣ
B?.ʐʰɴ)/GCs  p85α o.ɖɀEǑ A*)RTKs *
p110/p85ygcJ.ʔċEɽċ̵ŏ!.ʔǨ*(ȗ-A Akt[
Tk.ȖƎ÷̵ŏBAǣɥɷ)/RTKs)A Type I IGFĆŐ¶EȖƎ
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÷A IGF-IEƤ]RŌ͙E˗&#CORTǘ͂-( IGF-I







3-5-4. H]iYJiß÷* GCs 
 Î˗ɥɷ-(łŅǠ.ʤ-ŖA GCs.ƤʯÑʹ. GFAP.ɖɀE
ȤŜ H]iYJi->A˕ʄŒɢʔċ.ƝȵE̘? A*ıēB
(A͢Huang et al., 2001 ͣǣŌ͙ʋ-(;GC/ɭʓʐʰP$)
,GFAP .ɖɀ;ȤŜ #͢Fig. 3-3 ͣɭʓʐʰP*ɋ,@GFAP
.ɖɀȤŜ/Akt < ERK[TkƣæBA 10 µM >@µȮŰ. CORT )
;̃(@7#[Tk̵ŏé< IGF-I.Ƥ; GFAP.ɖɀ-/3Ǐɞ









[Tk.ƣæõǨ̳(AĉʲƎɪĜB(A͢Moors et al., 2012; 
Anacker et al., 2013 ͣB?.[Tkʓ̄-ñ¥Ģǋ#-GCs ->A
PI3K/Akt[Tkʓ̄.̵ŏ·Ɇɭʓß÷ƣæ-őAĉʲƎǒ?*,
&#PI3K/Akt[Tk-/Ǹ	,ȗʓ̄ŇĨAˈ ĕȟ*-Wnt
[Tk.PolPʓ̄)A Glycogen synthase kinase-3β͢GSK-3β /ͣβ-catenin
ʓ̄Akt ->@˴ǆBA*ɣ?B(ApAkt / GSK-3βE̦÷
!.Rk`ȖƎEƣæA*)β-catenin .ß˨E̵ŏβ-catenin -
>ȦÙE˲ŚA͢Katoh et al., 2006 ͣ?-GSK-3β/ hedgehog[Tk.
ȗßņ)A Gli Eƣæə-æƂA#:Wnt < Akt ->A GSK-3β .Ȗ
÷/hedgehog[TkEĸŷA*;ıēB(A͢Pan et al., 2006 ͣ
. PI3K/Akt/GSK-3βʓ̄/ʹĻÉE˽&#–-ȖƎ÷BƝ¶ɭʓǋɄE¿
̖A*?ɭʓǋɄ3.̨ˠƎɪĜB(A͢ Kisoh et al., 2017 ͣ7#
Ō–-͛ˋǸʐʰEɆ#Ō͙ʋ-(GCs PI3K/Akt/GSK-3β/β-cateninʓ̄
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EƣæA*ıēB(A͢Smith et al., 2005 ͣ?-GSK-3β«Ļ-
ɭʓǋɄ-̳A Akt.ȗbVei.1*'*(mTORƱ?BA
mTOR complex1/ Akt->@ȖƎ÷?-ȗ. p70S6K1/2* eIF4E.ȖƎ
÷E¦(̇ÙȖƎE˴ǆA͢Wang et al., 2017 ͣPI3K/Akt/mTORʓ̄/ǿũ
,ʹɖ̜-ĉǽ,[Tkʓ̄)@mTOR.ǽƻ/NSPCs.˅Ŧ˟˞*
ɭʓß÷E̾ŏś͍ɑEɖɑ A͢Ka et al., 2014; Wang et al., 2017 ͚ͣ
4*-mTOR.ȖƎ; GSK3β->@ƣæə-æƂBA#:GSK-3β.
Ȗ÷/ mTOR[TkEĸŷA͢Ka et al., 2014 ͣ.>-GCs.bV





3-5-6. IGF-I* GCs 
 IGF-I/RTKs)A Type I IGFĆŐ¶.ȖƎ÷*!B-± ERKPI3K/Akt
[Tk.ȖƎ÷E¦(NSPC.ĸȃɄŇɭʓß÷>2[kx]ŹƝ
E¿̖A͢Ye and D’Ercole., 2006; Bondy and Cheng., 2004 ͣIGF-I/ǢǲƤ-
(;̨ʇ,ê·Ɇ.Ŝ,ģņ*B(@˕Ȟʹ̳̯E̛̒(ʹ-å
̜A#:ɭʓɖ̜̾ŏ.˒éÃ˝*(ȓɞB(A͢Vahdatpour et al., 
2016 ͣɀĨ̡ °Ǝ.ɭʓɖ̜̾ŏ)A RettɑÃʥEŖ˼*# IGF-I.Ȏ͙




̾ŏB(A*ǒ?*,&(A͢Ricciardi S et al., 2011; Li Y et al., 2013 ͣ
?-IGF-I.ƤRettɑÃʥhöȸ-A[kx]̾ŏ*˗öňə
ɋũEǀĞA*ıēB(A͢ Castro et al., 2014 ͣB?̕.ɥɷ/
ȹŋ.[Tkɋũɭʓ̾ŏ*˗öňəɋũ.ÿģ*,@ƁA*Eɪ(
@?-/ʐʰ×[Tk˴ǆEİɜ*#Ȏɔ.ǝõƎEɪĜ(A
ǣɥɷ)/ɭʓɖ̜̾ŏ.Ƀķˠģ.1*')A GC ǘ͂Rett ɑÃʥ*
ČǸAkt[Tk.ȖƎȤŜ*ɭʓ[kx]P.ȤŜEų̃
*EˡÝ#7#!B?.ɭʓ̾ŏIGF-IƤ->@ǀĞA*Eɪ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ɾ 4ɼͦʚƮ 
 Ǜſ-ǣɥɷ.ƝǨ*¥ſ.şǟ-'(̎4A 
ɾ 2 ɼ)/̦÷]i]ǘ͂)ų̃BA ERK >2 p38 [Tkʓ
̄.ȖƎ÷ŒƷ-ɭʓʐʰȁ-̳(A*Eɪ#?-Pz
XB?.[TkEƣæɭʓÀ˺·ɆEɖƺA*Eǒ?-




ɾ 3ɼ)/GCǘ͂ɭʓß÷-± ERK>2 PI3K/Akt[Tkʓ̄.
ȖƎEƣæʔǨə-ɭʓß÷*ɄŇE̾ŏA*Eǒ?-#7#


















'*( GC.ʯɄǘ͂-ɢɞɭʓ̾ŏ. in vitrohE·Ɲ#ˈĕ
ȟ*-̡°əˠģ͢MeCP2̡°ņ.ĺɋͣ->@ɭʓɖ̜̾ŏEɖɑA
RettɑÃʥ-(PI3K/Akt[Tkƣæ->Aɭʓß÷̾ŏ>2IGF-IƤ
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˷̊ 
ǣ˵ǈ.Įɿ>2ɥɷ3.ưŚò˩E˿@7#ǐɵɇĽň ɂŤň
˘̸ ǃƴ  ˾ǈÎɄ-Ɔ>@Ɨ˷ˇ7 
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